Lentiviral and retroviral production and infection
For lentiviral production, HEK293T cells grown in antibiotic free media were transfected with lentiviral envelope and packaging vectors pVSVG and psPAX2, as well as target plasmid with X-tremeGENE HP reagent (Roche) following the manufacturer's instructions (Sigma-Aldrich) and incubated at 37°C. 48 and 72 hours post-transfection, medium containing lentiviral particles was collected, filtered and used to infect NIH 3T3 in the presence of Polybrene (Sigma-Aldrich). Infected cells were selected using appropriate antibiotic selection for 48 hours to a week, depending on the target plasmid. Retroviral production was performed using retroviral-packaging Phoenix A cells transfected with target vector. Phoenix A cells grown in antibiotic free media were transfected with 3:1 target plasmid to X-tremeGENE HP (Roche) reagent ratio following the manufacturer's instructions (Sigma-Aldrich) and incubated at 37°C. 48 and 72 hours post-transfection, medium containing retroviral particles was collected, filtered and used to infect NIH 3T3 in the presence of Polybrene (Sigma-Aldrich). Infected cells were selected using appropriate antibiotic selection for 48 hours to a week, depending on the target plasmid.
Western blot analysis
Western blot analysis was performed on samples lysed in EBC buffer (50 mM Tris-HCL, pH 7.4, 120 mM NaCl, 0.5% NP40, 1 mM EDTA, 2.5 mM MgCl2) with the addition of PhosSTOP and Complete Mini protease inhibitors (Roche) using standard procedures. xCT antibodies were purchased from Abcam (mouse) and Cell Signaling Technology (human). Pan-Ras antibody was purchased from EMD Millipore. TrkC (EN) and Actin antibodies were from Santa Cruz. CD98, ETS-1, ATF4, NRF2, KRAS, and HSC70 antibodies were from Santa Cruz. Phospho-AKT, phospho-ERK, phosphor-MEK, and ERK antibodies were from Cell Signaling Technology. Phospho-ETS-1 antibody was purchased from Abcam. GRB2 antibody was from BD Biosciences.
Glutathione assay
Cell were seeded into 96-well plates and allowed to attach overnight following which they were treated with 200 µM of H2O2 for 6 hours. Cells were then collected and cellular concentrations of GSH were then quantified using the GSH -Glo assay kit, according to the manufacturer's protocol (Promega). Luminescence was measured using a plate reader (Molecular Devices) and concentrations of GSH were calculated against concurrently run standards provided in the kit.
ROS CM-H2DCFDA assay ROS were measured using the general ROS indicator 6-chloromethyl-2',7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-H2DCFDA; Life Technologies). Cells were seeded in 6-well plates in triplicates. Cells were then incubated with 10 µM CM-H2DCFDA for 30 minutes following which they were harvested, centrifuged, washed, and resuspended in cold PBS containing 1 µg/ml PI. Data was collected using a BD FACSCalibur flow cytometer with FL-1 channel to quantify CM-H2DCFDA levels and FL-3 channel to quantify PI levels. At least 10,000 events were recorded for each replicate and analyzed using FlowJo software.
Analysis of protein oxidation by dityrosine
Protein oxidation was measured by standard western blotting techniques on protein lysates using an antibody specific for dityrosine (Adipogen Life Sciences).
Transcriptome microarray expression profiling
Affymetrix GeneChip Mouse Gene 1.0 ST Arrays were processed at the Centre for Translational and Applied Genomics (CTAG; Vancouver, Canada). Briefly, biotin-labeled cRNA was prepared from total RNA and hybridized to the Affymetrix arrays according to the manufacturer's protocol (Affymetrix Inc, Santa Clara, CA). Gene-level normalization and signal summarization of array data was carried out using the Robust Multi-Array Average module in the Affymetrix Expression Console software package and subsequent differential gene expression analysis was performed using the Affymetrix Transcriptome Analysis Console (TAC) software (Affymetrix Inc, Santa Clara, CA) (2) . Candidate genes were selected as differentially expressed based on at least 2-fold mean difference in log-transformed expression values between experimental groups, and t-tests were used to determine significance (p < 0.05).
Gene Set Enrichment Analysis and Gene Ontology Analysis
Gene Set Enrichment Analysis between experimental groups was performed as previously described, using the Broad Institute software with default parameters, 1000 permutations of gene sets, and Signal2Noise metric for ranking of genes (3). Functional annotation was performed using the DAVID online tool for overrepresentation analysis of functional gene categories and GO terms.
Bioinformatics analyses expression profiling log2 transformed xCT mRNA data from was accessed using R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl). log2 transformed xCT mRNA data from GSE72094 was IRON normalized and subjected to Wilcoxon rank test (4) . Spearman correlation was computed on RSEM gene normalized data obtained from FireBrowse (Firehose), for LUAD, LUSC and COAD cohorts. XCT associated genes were defined, for every cohort, as those having a correlation index higher than 99 percentile. Hypergeometric test of the xCT associated genes was computed for the oncogenic signatures set (MSigDB release v6.0). Only three signatures showed significance, after correcting for multiple testing (qvalue<0.05), in all three cohorts.
Kaplan-Meier analysis
For lung cancer, gene expression data and overall survival information from GEO (Affymetrix microarrays only), EGA and TCGA were accessed using Kaplan Meier Plotter Software (5). The data was automatically handled by a PostgreSQL server, which integrates gene expression and clinical data simultaneously. To analyze the prognostic value of xCT, the patient samples were split into two groups according to median expression. The hazard ratio with 95% confidence intervals and logrank P value are calculated. In addition, TCGA RSEM normalized gene expressions and clinical annotations were retrieved from Firebrowse. Kaplan-Meier curves were computed with survival package: A Package for Survival Analysis in S. version 2.38; Therneau T, 2015) and log-rank test, in R software. Samples were split, based on xCT expression, in High (higher than third quartile) or Low (lower than third quartile).
RNA isolation and quantitative RT-PCR
For RNA isolation in mammalian cells, after indicated treatments cells were lysed and total RNA was extracted using RNeasy RNA extraction kit (Qiagen). RNA concentrations were determined by nanodrop and equal amounts of RNA were used to generate cDNA using the High-Capacity cDNA Reverse Transcription kit (Applied Biosystems). cDNA and Power SYBR Green PCR master mix (Applied Biosystems) were mixed with primers according to the manufacturer's instructions and ran in an Applied Biosystems Quant Studio 6 Flex RT-PCR system. As an internal control, β-actin was amplified. 
F-5-fluoroaminosuberic acid (FASu) uptake
For uptake studies, cells were seeded into 24-well plates (1 × 10 5 cells/mL) such that confluency was achieved the next day. Each plate was washed 3 times with cold HEPES buffer, and then 0.148 MBq of 18 F-FASu in 400 μL of HEPES buffer was added. Subsequently, the samples were incubated at 37°C with orbital shaking for the indicated duration. After incubation, supernatants were removed, cells were washed twice with cold HEPES buffer, 400 μL of 1 M NaOH were added to the cells, the NaOH lysate was collected 10 min later, and 25 μL of the lysate was taken to assess the protein concentration using a Pierce bicinchoninic acid protein assay kit (Thermo Fisher Scientific). The activity in the solution and lysate was measured using a PerkinElmer Wizard 2480 γ-counter and normalized to the protein concentration.
Soft agar colony formation assays
Cells were plated in 6-well plates at 8,000 cells per well in DMEM, 10% bovine calf serum in a top layer of 0.25% agar added over a base layer of 0.4% agar in DMEM and 10% bovine calf serum. Cells were fed every other day with 2-4 drops of corresponding medium onto the top layer and colonies were allowed to form over the course of 2-3 weeks. Where indicated, the antioxidant N-acetyl cysteine (Sigma-Aldrich) was added to the top agar layer at a concentration of 0.5 mM to inhibit reactive oxygen species. After 2-3 weeks at 37°C, colonies were counted using ImageQuant LAS4000 and ImageQuantTL software (GE) as per manufacturer's guidelines. All assays were performed in triplicate.
Luciferase reporter assays HEK293 cells were seeded in 12-well plates and transfected with luciferase reporter constructs 24 hours later. Cells were harvested 48 hours posttransfection and luciferase activity was determined using the Dual-Luciferase Reporter Assay System (Promega). Briefly, Passive Lysis Buffer was added to each well and the plates were then placed on a shaker for 15 minutes. Equal amounts of lysate and Luciferase Assay Reagent II (LARII) were mixed in a 96-well plate and Firefly luciferase luminescence was analyzed using MolecularDevices SpectraMax Microplate reader. Afterwards, the same amount of Stop and Glo reagent as LARII was added to each well and Renilla luciferase luminescence was analyzed with the same plate reader. All samples were performed in triplicate and the final luciferase quantification was formulated as the ratio of Firefly luciferase to Renilla luciferase luminescence.
Chromatin Immunoprecipitation (ChIP)
Chromatin immunoprecipitation was conducted using the SimplChIP® kit from Cell Signaling Technology (Catalog number #9003) according to the manufacturer's instructions. Briefly, cells were treated with hydrogen peroxide and cross-linked for 5-15 minutes in formaldehyde followed by reaction quenching with glycine. Cross-linked cells were harvested in PBS containing protease inhibitors via and stored at -80c. Isolated nuclei were treated with microccal nuclease and the chromatin was sheared using a Cole-Palmer ultrasonic processor. Chromatin shearing was verified using agarose gel electrophoresis and chromatin immunoprecipitations were performed using anti-ETS1 antibodies (D8O8A, Cell Signalling Technology) or IgG control antibodies with magnetic beads. Immunoprecipitated chromatin was purified using the kit reagents and quantified using a Nanodrop spectrophotometer (Thermo Fisher).
Statistical analysis
Unless otherwise indicated, bar graphs represent mean and error bars represent standard deviation. Significant differences between samples were determined using Student t test. , EN, and MSCV cells were treated with 200 µM H2O2 or 100 µM DEM for 6h and total glutathione levels were determined using GSH/GSSG-Glo assay (Promega) (n=3). Where shown, data are reported as means ± SD with indicated significance (*p < 0.05, **p < 0.01, and ***p < 0.005). 
n=3). (H) 3T3 KRAS
V12 cells were transfected with siRNA targeting xCT or scrambled control for 72h, treated with 5 mM NAC, 5 mM NAC and 100 µM BSO, or 200 µM H2O2 for 6h, and reduced GSH levels were determined using GSH-Glo assay (Promega) (n=3). (I) The level of xCT knockdown in SW620 cells transfected with siRNA targeting xCT or scrambled control for 72h was determined by Western blot. (J) Relative GSH levels in SW620 cells transfected with siRNA targeting xCT or scrambled control for 72h and treated with the indicated concentrations of DEM for 6h were determined using GSH-Glo assay (Promega) (n=3). (K) ROS levels in SW620 cells transfected with siRNA targeting xCT or scrambled control for 72h and treated with the indicated concentrations of DEM for 6h were determined by CM-H2DCFDA staining and flow cytometry (n=3). Where shown, data are reported as means ± SD with indicated significance (*p < 0.05, **p < 0.01, and ***p < 0.005). and xCT -/-KRAS V12 cells were seeded into soft agar with or without 50 µM 2ME or 5 mM NAC for 3 weeks following which colony formation was determined by MTT staining. xCT -/-KRAS V12 cells were also rescued with xCT overexpression (n=3). (B) SW620 and (C) SW480 cells were transfected with siRNA targeting xCT or scrambled control for 24h, and seeded into soft agar with or without 10 mM NAC for 3 weeks following which colony formation was determined by MTT staining (n=3). (D) 3T3 KRAS V12 cells were seeded into soft agar with or without 10 µM erastin or 5 mM NAC or xCT overexpression for 3 weeks following which colony formation was determined by MTT staining (n=3). (E) H460 cells were seeded into soft agar with or without 20 µM erastin or 10 mM NAC for 3 weeks following which colony formation was determined by MTT staining (n=3). (F) 3T3 KRAS V12 cells were transfected with siRNA targeting Ets-1, Atf4, or both, or scrambled control for 24h, and seeded into soft agar with or without NAC or xCT overexpression for 3 weeks following which colony formation was determined by MTT staining (n=3). Where shown, data are reported as means ± SD with indicated significance (*p < 0.05, **p < 0.01, and ***p < 0.005). Where shown, data are reported as means ± SD with indicated significance (*p < 0.05, **p < 0.01, and ***p < 0.005).
